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(57) ABSTRACT

A wireless charging system with double detecting circuits
comprises a detecting circuit connected to an inductive loop
to detect the induced electric field of the inductive loop; an
auxiliary detection circuit connected to a power loop to detect
the induced electric field of the power loop, wherein when the
waveform detected by the detecting circuit is not applicable,
it is replaced by the waveform detected by the auxiliary
detecting circuit in order to determine the condition of the
electrical receiver device and thus adjust the output to the
inductive loop from the power loop.

20 Claims, 12 Drawing Sheets

Vo 706 ®~ 710 702

110

/ 114
— Lj:if




U.S. Patent

Aug. 23, 2016

Sheet 1 of 12

100
140 \
\
N
144 132
----- 134 |- 110
142 /
/
114

US 9,425,643 B2

120

o s
L“&Q

Fig.1




U.S. Patent Aug. 23,2016 Sheet 2 of 12 US 9,425,643 B2

202
l start
k4
204 processor notifies the detection
— circuit to detect induction alectric <
Hield of the Inductiveloap

varigtion of the
_induced slectric field 7

206

axceeding a "o

208

pre-determined value?

210 processor controls driving
e circuit or power source
{0 increass powsr supply

Y

2 1gwm powersupplyis
decresssd orterminated

Fig.?



US 9,425,643 B2

U.S. Patent Aug. 23,2016 Sheet 3 of 12

voltage

A
/

310 320a

\ \
\
\ /\ \§ / E .f} %i /{\ = fime

Vo
Fig.3A
voltage
310 320b
\ e \\

= time

Fig.3B



U.S. Patent

Aug. 23,2016 Sheet 4 of 12 US 9,425,643 B2
voltage
N 320¢
310 j y\ \
\ f‘x ; { \ ;[ % 4
X )
AN RN RN
anl H/lzf“\
xzij 35 \ i; \{ ; > time
\ L | L Y
i} \ i.!{
\ y
[
Fi1g.3C
voltage
310
\
3\20d
/ A /’\ A
xf’\\j/ \\ / \\\ / \\ / \\& // > t]m e




U.S. Patent Aug. 23,2016 Sheet 5 of 12 US 9,425,643 B2

100
140\
134a
144 134b 132b }3%?
142b| | 142a / AN
N 110
120 154,
\
X
-~ 136b J
P i\' > N e
122 ‘\% 114
3 CJ
[0) 136a | Mg ¢

e
/ (\2

Fig.4A



U.S. Patent Aug. 23,2016 Sheet 6 of 12 US 9,425,643 B2

100
140
{34a
144 134b 132b 132a
1426 | 142a J N4
N 110
120 4745 \
— 136b | ’
P ke
114
Iiz .
O [ 136a L C
po ) o J <
) A 3
\
\ .
M\\ij ]j\
. 116
B
Q
&

Fig.4B



U.S. Patent Aug. 23,2016 Sheet 7 of 12 US 9,425,643 B2

1362
\ 134a
il 514
le {>/
= <
522 V%
516 <;]2
/ , :> 504
520 -
/
& -
voc 598 110
502 \
|
\ 114
{J A
124a | ~ B C
. M-—g
:
2
N4 . %\
NS B e
\
\7\ \/’“ﬁ
S




U.S. Patent Aug. 23,2016 Sheet 8 of 12 US 9,425,643 B2

136b
K 134b
L514

<’>

GND <

¢ lOUT_L<

VS+ VS- \
622 604

E;/‘ 620 ;i/ lzﬁa

1 N\
TN
““““ (M)
S A

.
5
//
5/

Fig.6



U.S. Patent Aug. 23,2016 Sheet 9 of 12 US 9,425,643 B2

134a
136a
R ng—m .
708 704
124a 712 110
i \«../\4/}\\\./ \
0 ”cL: s »
. - 706 ®- 710 702
\ 114
— - H ¢
ST
:
™ e~ B ?
O ¢ 116
bob
il
L

Fig.7



U.S. Patent Aug. 23,2016 Sheet 10 of 12 US 9,425,643 B2

802

start

M
processor simultansously
reads the induced
80&““ waveform detented by
the detection crouit and
the auxiliary irduced
waveform detected hy
the auxiliary detection
cirouit

806

theinduced 7
waveformis ' 808

the auxiiary

Fa T
induced waveform =
810 iscorrect 2~ 814
\ ves -
the auxiliary induced
the indured waveform waveform detectad recording as:
detected by the by the auxiliary . g 8% "
iy L o L read successiul
datection girgull, detection giroull, o .
) . " . zero, “read fallure
recording as: “read recording as: “read .
e T for the induced
successtul” one, “read successful ¥ one, N .
: e . » , waveforn ¥ pne,
failure for the induced raad failure for the "
S L e number of
waveform® zerg, induced waveform .
b T , . error” plus one
number of srror” zero zerg, “number of
error” sero

816._]

end

Fig.8



U.S. Patent Aug. 23,2016 Sheet 11 of 12 US 9,425,643 B2

902 Start

o 5

provesser simultansously reatds
the induced waveform detectad
904 by the detection cirouit and the
] munifiary induced wavaform
detarted by the awdliary
detertinn circult

906 %

tm 1o

cirzuitis applied "

908 914
the induced ™ ao :
wavelorm s correg ' ) 33‘6
the yes
auxiliary ﬁ}e , :
; . gatention 913
cetection |} .. |
912 circuitis oLt s b e iin it 1
, applizd the guxilfary induged
4 applisd waveform detected
the induced waveform | | by the auxiliary
detected by the recording as: detection circult,
datection circuit, “read successful” recording as: “read
racording as; “read zero, “read fallure successful ¥ one,
successful” ons, “read for the induced “routt Fadure fur the
fallure for the induced waveform " ong, induced waveform
waveform” zero, "number of “zere, “number of
“number of error” rare | | arror” phus one error” zero
| <570 |
922 - |

Fig.9



U.S. Patent

Aug. 23,2016 Sheet 12 of 12
1002
1004 ~/”;k~xN\\
the detection ~— O
chrcuitia apw

10{,}3\\f yes reads the awiliary

et the induced 1006 | induced waveform

FEGES the mauce detected by the auxiliary

wavsform detected detection circuit

by the detection

circuit 010

the suxiliary

109§ 1014 induced waveform

R

waveforotis correct?

is correct?

1016

the ¥es
auxiliary the '
. stetactinn 1018
detection o
1012 ¥E3 L clrouit iy
g circuitis apptied the auxiliary induced
\ spplied waveform detected
the induced waveform l i by the auxiiary
detected by the recording as: dataction cirguil,

detention clreult,
recording as: “read
successful” one, “read
fallure for the induced
waveform” e,
"number of arror” zero

28re

“resd surcassfu

for the induced
wavaform " one,
“mumber of
grror” plus one

i:‘x‘

recording as; “read
successful ¥ one,
"rezad fallure fortha
nduced waveform”
raero, “number of
arror” gere

; “read fathure

i

1022,

L
‘“‘102[(3

eny

Fig.10

US 9,425,643 B2



US 9,425,643 B2

1
WIRELESS CHARGING SYSTEM WITH
DOUBLE DETECTING CIRCUITS

TECHNICAL FIELD

The present invention relates to a charging system, and
more particularly, to a wireless charging system.

BACKGROUND

Also known in the art, wireless charging is so-called as an
inductive charging, non-contact induction charging which is
completed by near-field sensing for inductively coupling, and
the power supply device transfers power energy to electric
receiver devices. The electric receiver devices receive the
power energy for charging its battery, and also for its own
operational use. Because the charger transfers power energy
to the electric receiver devices by inductive coupling,
between the charger and the electric receiver devices are
without wires connection and without conductive contacts
exposed.

Specifically, the wireless charger has a coil, wherein AC
electromagnetic field is generated by the AC via the coil.
There is another coil in the electric receiver device for receiv-
ing the AC electromagnetic field, and converted into electrical
energy for charging its battery for providing power to the
device. This scheme is the same as the transformer which a
primary winding and a secondary winding are put on the
charger and the electric receiver device, respectively. If the
distance between the charger and the electric receiver device
is farther, it would need to add a resonant inductive coupling.

Wireless charging has the advantages as followings: (i)
security: no need of energized contacts to avoid the risk of
electric shock; (ii) durability: power transmission compo-
nents without exposing, and therefore will not be eroded by
moisture, oxygen in the air. Because no contacts exist, so
there is no mechanical wear and flashover in connection or
separation of components; (iii) making medical implant
devices more security: in the implanted medical device, it
does not damage to the human body’s tissue as charging the
implanted medical device in the human body, and without the
need for wires to charge through the skin and other tissues of
the body, eliminating the risk of infection; (iv) convenient: no
need for wire connection while charging, as long as the
charger is put nearby. Technically, a charger can charge for a
plurality of electric receiver devices, in the case where a
plurality of electric receiver devices are used without mul-
tiples chargers (may be omitted), without a plurality of elec-
trical sockets, and without a plurality of wires wound around
each other.

However, control of the current wireless charging system
depends on its capturing signal, and the captured signal may
be confusing because of various factors, and therefore it needs
a new system to ensure clear signals to be obtained.

SUMMARY OF THE INVENTION

To address the above-mentioned issues, the invention pro-
vides a wireless charging system with double detecting cir-
cuits which utilizes the characteristic that possibility for
detection points of circuit loops with noise signals simulta-
neous is very low to ensure a clear signal to obtain.

According to one aspect of the invention, it provides a
wireless charging system with double detecting circuits, com-
prising an inductive loop including an induction coil and a
capacitor, wherein the induction coil and the capacitor are
connected in series. A power loop includes a power source
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and a driving circuit, wherein the power source is connected
to an input terminal of the driving circuit, two output termi-
nals of the driving circuit are connected to the capacitor and
the induction coil respectively. A control loop includes a
processor, a detection circuit, coupled to the processor and a
detection point of the inductive loop so that the processor can
detect an induced electric field of the inductive loop, wherein
a first current or a first voltage of the inductive loop is created
by the induced electric field as an induced waveform over
time, an auxiliary detection circuit, connected to an auxiliary
detection point of the power loop to detect the induced elec-
tric field, wherein a current or a voltage of the power loop
induced by the induced electric field represents an auxiliary
induced waveform over time, as the induced waveform is not
applicable determined by the processor based on a protocol,
the induced waveform is replaced by the auxiliary induced
waveform; a control line, coupled to the processor and the
power source so that the processor can control a power supply
of the power source outputted to the inductive loop; an aux-
iliary control line, coupled to the processor and the power
source so that the processor can control a phase or a frequency
of the driving circuit to control the power supply for the
inductive loop. The processor determines a condition of the
electrical receiver device based on the induced electric field,
to adjust the power supply of the power loop outputted to the
inductive loop.

BRIEF DESCRIPTION OF THE DRAWINGS

The components, characteristics and advantages of the
present invention may be understood by the detailed descrip-
tions of the preferred embodiments outlined in the specifica-
tion and the drawings attached:

FIG. 1 illustrates a schematic view of one example of a
wireless charging system, and an electric receiver device
according to one embodiment of the present invention;

FIG. 2 illustrates a flow chart that the wireless charging
system of the invention detects the electric receiver device
and determines whether to increase the power supply for the
electric receiver device for charging or not;

FIG. 3A illustrates a current or a voltage of the power loop
induced by the induced electric field representing an induced
waveform over time;

FIG. 3B illustrates a graph of the induced waveform with
respect to time after filtering, and an area covered by the
induced waveform;

FIG. 3C illustrates a graph that a maximum peak of the
induced waveform of the induced electric field is over a
pre-determined peak value;

FIG. 3D illustrates a graph that a maximum peak of the
induced waveform of the induced electric field is under a
pre-determined peak value;

FIG. 4A illustrates a schematic view of one example of a
wireless charging system using a full-bridge driving circuit;

FIG. 4B illustrates a schematic view of one example of a
wireless charging system using a half-bridge driving circuit;

FIG. 5 illustrates a schematic view of one example of a
wireless charging system of the FIG. 4A using a voltage-type
driving circuit;

FIG. 6 illustrates a schematic view of one example of a
wireless charging system of the FIG. 4A using a single output
current-type driving circuit;

FIG. 7 illustrates a schematic view of one example of a
wireless charging system of the FIG. 4A using a double
output current-type driving circuit;
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FIG. 8 illustrates a flow chart of performing of the wireless
charging system with a double detection lines according to
one embodiment;

FIG. 9 illustrates a flow chart of performing of the wireless
charging system with a double detection lines according to
another embodiment;

FIG. 10 illustrates a flow chart of performing of the wire-
less charging system with a double detection lines according
to yet another embodiment.

DETAILED DESCRIPTION

Some preferred embodiments of the present invention will
now be described in greater detail. However, it should be
recognized that the preferred embodiments of the present
invention are provided for illustration rather than limiting the
present invention. In addition, the present invention can be
practiced in a wide range of other embodiments besides those
explicitly described, and the scope of the present invention is
notexpressly limited except as specified in the accompanying
claims.

FIG. 1 is a schematic view of one example of a wireless
charging system 100, and an electric receiver device 190
according to one embodiment of the present invention. A
rechargeable battery can be embedded into the electric
receiver device 190, for example a mobile phone, tablet,
flashlight, electric shaver, electric toothbrush, battery con-
taining charger, notebook, juice machine, etc., which has an
energy receiving coil constituted by a resonance resistance
192, a resonant capacitor 194, and a resonant inductor 196.

As shown in FIG. 1, the wireless charging system 100 of
the present invention may include an inductive loop 110 com-
prising an induction coil 116 and a capacitor 114, wherein the
induction coil 116 and the capacitor 114 are connected in
series. When the electric receiver device 190 is approaching
to the inductive loop 110, electromagnetic induction is gen-
erated between the inductive loop 110 and the energy receiv-
ing coil of the electric receiver device 190, and thereby energy
transmitting from the induction coil 116 of the inductive loop
110 to the resonant inductor 196 of the electric receiver device
190, so that the electric receiver device 190 will be able to
achieve the purpose for charging. The inductive loop 110 is
connected to a power loop 120, and the power loop 120
includes a power supply to provide power to the inductive
loop 110.

The wireless charging system 100 of the present invention
further comprises a control loop 140 including a processor
144, a detection circuit 132 by which the processor 144 is
connected to the inductive loop 110, for the processor 144 to
detect (process) an induced electric field of the inductive loop
110 and its variation as the electric receiver device 190 is
close to the inductive loop 110. A waveform 320a with
respect to time of a first current or a first voltage of the
inductive loop 110 created by the induced electric field is
shown in FIG. 3A.

In addition, the control loop 140 further comprises a con-
trol line 142. The processor 144 is connected to the power
loop 120 by the control line 142, to control a power supply of
the power loop 120 outputted to the inductive loop 110. Based
on the detected induced electric field, the processor 144 deter-
mines whether the electric receiver device 190 is close
enough to the inductive loop 110 or not, to adjust the power
supply of the power loop 120 outputted to the inductive loop
110; including, without increasing the power supply as the
electric receiver device 190 is not close enough to the induc-
tive loop 110, and reducing or terminating the power supply
as the electric receiver device 190 is removed.
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Optionally, the detection circuit 132 of the control loop 140
includes a filter 134, and an input terminal of the filter 134 is
connected to a detection point of the inductive loop 110 in
FIG. 1, for example a first detection point (A) between the
power loop 120 and the capacitor 114, or a second detection
point (B) between the power loop 120 and the induction coil
116, or a third detection point (C) between the capacitor 114
and the induction coil 116. Also, an output terminal of the
filter 134 is connected to the processor 144. As the processor
144 has an excellent processing performance, the filter 134
may be omitted.

FIG. 3A illustrates a graph of an induced waveform 320a
with respect to time of a first current or a first voltage of the
inductive loop 110 created by the induced electric field. FIG.
3B illustrates a graph of the induced waveform 3204 of the
FIG. 3A with respect to time after filtering, and an area 322
covered by the induced waveform 320a. As shown in FIG. 3A
and FIG. 3B, the induced waveform 320q in FIG. 3A is
filtered by the filter 134 for changing from a sawtooth wave-
form to an induced waveform 32054, as shown in FIG. 3B.

FIG. 4A is a schematic diagram of the wireless charging
system in FIG. 1 using a full-bridge driver circuit. In order to
further improve the performance of detection, FIG. 4A adds
some elements as compared to the structure of FIG. 1.

As shown in FIG. 4A, the detection circuit 132a of the
control loop 140 includes a filter 134a, wherein an input
terminal of the filter 134a is connected to a detection point of
the inductive loop 110, such as a first detection point (A)
between a driving circuit 124a and a capacitor 114, or a
second detection point (B) between the driving circuit 124a
and an induction coil 116, or a third detection point (C)
between the capacitor 114 and the induction coil 116. And, an
output terminal of the filter 134a is connected to the processor
144. The detection circuit 1324 of the control loop 140 also
includes a detector 1364, and the detector 136a may be dis-
posed (configured) on the first detection point (A), the second
detection point (B), or the third detection point (C) of the
inductive loop 110 for detecting current of the inductive loop
110. As the processor 144 has an excellent processing perfor-
mance, the filter 134 may be omitted.

In addition, a control line 1424 of the processor 144 can be
connected to a power source 122 of the power loop 120, and
the processor 144 is used for controlling output power of the
power source 122. Furthermore, the power loop 120 also
includes a driving circuit 124a, and the power source 122 is
connected to an input terminal of the driving circuit 124a.
Two output terminals of the driving circuit 124a are con-
nected to the capacitor 114 and the induction coil 116, respec-
tively. In addition, the control loop 140 may further include an
auxiliary control line 142, and the processor 144 is connected
to control the driving circuit 1244 via the auxiliary control
line 142, and thereby controlling phase or frequency of the
driving circuit (124a), so as to control the power supply
providing to the inductive loop 110.

For various electric receiver devices 190, the induced
waveforms 320a may have great differences therebetween
due to different properties of electromagnetic induction. For
example, amplitude of the induced waveform 320a may be
too large or too small so that it is outside of the detectable
range. Meanwhile, the induced waveform 320a may be
adjusted to the detectable range by controlling the phase or
frequency of the driving circuit 124a by the processor 144.

FIG. 2 illustrates a flow chart that the wireless charging
system 100 of the invention detects the electric receiver
device 190 and determines whether to increase the power
supply for the electric receiver device 190 for charging or not.
Please refer to FIG. 2, in step 202, it activates the wireless
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charging system 100 of the invention. Then, in step 204, the
processor 144 notifies the detection circuit 1324 to detect the
inductive loop 110 to create the induced waveform 320a
shown in FIG. 3A.

In step 206, it judges whether shape of the induced wave-
form 320a changes or not, to determine variation of the
induced electric field. As the induced electric field changes, in
step 208, it determines whether a maximum peak value or an
average peak value of the induced waveform 320a is over a
pre-determined (set) value, or whether an area 322 of the
induced waveform 320a is over an pre-determined (set) value
of area, or whether variation of the frequency of the induction
wave is over an pre-determined (set) value of frequency. For
example, FIG. 3C shows a graph that a maximum peak of the
induced waveform 320c of the induced electric field is over
(greater than) a pre-determined peak value 310, and FIG. 3D
shows a graph that a maximum peak of the induced waveform
320d of the induced electric field is under (smaller than) a
pre-determined peak value 310. As it is over the pre-deter-
mined value, in step 210, the processor 144 controls to
increase output power of the power source 122 to the induc-
tive loop 110. Or, the processor 144 may control phase or
frequency of the driving circuit 124a via the auxiliary control
line 1425 to increase output power of the power source 122 to
the inductive loop 110.

Finally, in step 212, as the processor 144 determines the
electric receiver device 190 is already fully charged, the
power supply is then decreased or terminated, and then back
to the step 204, continuing to detect variation of the induced
waveform 3204 of the induced electric field. When the wire-
less charging system 100 of the invention is without the
electric receiver device 190 approaching to, the step 204 can
be performed per a period of time.

When the induced waveform 320a feedback from the
detection circuit 132a with a noise signal does not meet the
protocol specification so that it can not be used to determine
whether the electric receiver device is approaching or not. As
shown in FIG. 4A, in another embodiment, the power loop
120 further includes an auxiliary detection point. For
example, the auxiliary detection point locates on a non-
ground circuit of a first auxiliary detection point (P) between
the power source 122 and the driving circuit 124a, or a ground
circuit of a second auxiliary detection point (Q). Because
possibility for the detection point of the inductive loop 120
and the auxiliary detection point of the power loop 120 with
noise signals simultaneous is very low, it can improve the
ability of determination for approach of an electrical receiver
device by simultaneously detecting the detection point and
the auxiliary detection point.

In other words, the control loop 140 of the wireless charg-
ing system 100 further includes an auxiliary detection circuit
1325 connected to the power loop 120, for example, con-
nected to the first auxiliary detection point (P) of the power
loop 120 to detect the induced electric field. A current or a
voltage of the power loop 120 induced by the induced electric
field represents an auxiliary induced waveform over time.
Then, the processor 144 examines the induced waveform
320a by a protocol, for example comparing a waveform of the
protocol specification with the induced waveform 320a. As
the processor 144 determines that the induced waveform
320aq is not applicable, the induced waveform 320a may be
replaced by the auxiliary induced waveform.

Similar with the detection circuit 132a, the auxiliary detec-
tion circuit 13256 further includes a filter 1345, wherein an
input terminal of the filter 1345 is connected to the first
auxiliary detection point (P) or the second auxiliary detection
point (Q) of the power loop 120. An output terminal of the

10

20

25

30

35

40

45

50

55

60

65

6

filter 1345 is connected to the processor 144. Similarly, the
auxiliary induced waveform may be filtered by the filter 1345
for changing from a sawtooth waveform to a curve waveform.
As the processor 144 has an excellent processing perfor-
mance, the filter 1345 may be omitted.

Similar with the detection circuit 132a, the auxiliary detec-
tion circuit 1324 of the control loop 140 also includes an
auxiliary detector 1365, and the auxiliary detector 1365 may
be disposed (configured) on the power loop 120, at an auxil-
iary detection point between the power source 122 and the
driving circuit 124a, for example the first auxiliary detection
point (P) or the second auxiliary detection point (Q), to detect
current of the power loop 120.

As shown in FIG. 4A, a wireless charging system may
include an inductive loop 110, a power loop 120 and a control
loop 140. The inductive loop 110 comprises an induction coil
116 and a capacitor 114, wherein the induction coil 116 and
the capacitor 114 are connected in series. The power loop 120
includes a power source 122 and a driving circuit 124a. The
power source 122 is connected to an input terminal of the
driving circuit 1244, and two output terminals of the driving
circuit 124q are connected to the capacitor 114 and the induc-
tion coil 116.

The control loop 140 includes a processor 144, a detection
circuit 1324, an auxiliary detection circuit 1325, a control line
142a, and an auxiliary control line 1425. The detection circuit
132a is coupled to the processor 144 and connected to a
detection point of the inductive loop 110, for example a first
detection point (A) between the driving circuit 124a and the
capacitor 114, or a second detection point (B) between the
driving circuit 124a and the induction coil 116, or a third
detection point (C) between the capacitor 114 and the induc-
tion coil 116, for the processor 144 to detect (process) an
induced electric field of the inductive loop 110. A first current
or a first voltage of the inductive loop 110 induced by the
induced electric field represents an induced waveform over
time.

The auxiliary detection circuit 1325 is connected to an
auxiliary detection point of the power loop 120, for example,
connected to the first auxiliary detection point (P) or the
second auxiliary detection point (P) to detect the induced
electric field. A current or a voltage of the power loop 120
induced by the induced electric field represents an auxiliary
induced waveform over time. As the processor 144 deter-
mines that the induced waveform is not applicable by a pro-
tocol, the induced waveform may be replaced by the auxiliary
induced waveform.

The processor 144 is connected to the power source 122 by
the control line 1424 so that the processor 144 can control a
power supply of the power source 122 outputted to the induc-
tive loop 110. The processor 144 is connected to the driving
circuit 1244 by the control line 1425 so that the processor 144
can control a phase or a frequency of the driving circuit 124a
to control the power supply of the inductive loop 110.

Based on the detected induction electric field, the processor
144 determines whether the electric receiver device is in a
condition to adjust the power supply of the power loop 120
outputted to the inductive loop 110; and the condition includ-
ing a variation of the induced electric field due to approaching
of the electric receiver device or power dissipation of the
electric receiver device, etc.

Optionally, the detection circuit 132a includes a filter
134a, and an input terminal of the filter 1344 is connected to
the inductive loop 110. Also, an output terminal of the filter
134a is connected to the processor 144. The auxiliary detec-
tion circuit 1324 includes an auxiliary filter 1345, and an
input terminal of the auxiliary filter 1345 is connected to the
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power loop 120. Also, an output terminal of the auxiliary filter
1345 is connected to the processor 144.

Optionally, the filter 1344 and the auxiliary filter 1345 may
be not directly connected to the processor 144; the filter 134a
and the auxiliary filter 13456 are connected to the processor
144 via a common circuit. An output terminal of the filter
134a and an output terminal of the auxiliary filter 1345 are
connected to an input terminal of the common circuit, and an
output terminal of the common circuit is connected to the
processor 144.

Optionally, the detection circuit 132a includes a detector
136a configured in the inductive loop 110 and connected to
the induction coil 116 and the capacitor 114 in series. The
auxiliary detection circuit 1325 includes a detector 1365 con-
figured in the power loop 110 and connected to the driving
circuit 124a and the power source 122.

The driving circuit is for example a full-bridge driver cir-
cuit 124a shown in FIG. 4 A or a half-bridge driver circuit
1245 shown in FIG. 4 B. The half-bridge driver circuit 1245
is used for adjusting the frequency, but not phase.

FIG. 5 is a schematic view of one example of a wireless
charging system of the FIG. 4A, wherein the detector is a
voltage-type detector. As shown in FIG. 5 and FIG. 4A, the
detector 136a is a voltage-type detector, wherein a signal
input terminal 502 is connected to a first detection point (A),
a second detection point (B) or a third detection point (C) of
the inductive loop 110, and wherein a signal output terminal
504 is connected to the filter 1344 to detect voltage of the
inductive loop 110, and its voltage signal may be transmitted
to the processor 144 via the detection circuit 132a.

Optionally, the voltage-type detector may be used in the
auxiliary detection circuit 1325 to connect to the first auxil-
iary detection point (P) of the power loop 120. The first
detection point (A), the second detection point (B) or the third
detection point (C) of the inductive loop 110, or the first
auxiliary detection point (P) of the power loop 120 may be
connected by two voltage-type detectors at the same point,
and subsequently connected to their respective filters to create
different amplifications of voltage for providing the processor
144 to select preferable voltage signal. The two voltage-type
detectors connected to their respective filters have a cost
benefit than that of a single voltage-type detector connected to
a single filter, because the whole cost of two filters with a
lower modulation ratio reaching a higher modulation ratio of
the single filter is less than that of the single filter. In other
words, there are two detection lines, and each connected to
the identical detection point, and each of connecting filter has
a different modulation ratio to provide auxiliary induced
waveform with different modulation ratio to the processor.

FIG. 6 is a schematic view of one example of a wireless
charging system of the FIG. 4A, wherein the detector is a
single output current-type detector. As shown in FIG. 6 and
FIG. 4A, the detector 1365 is a single output current-type
detector located at the first auxiliary detection point (P) or the
second auxiliary detection point (Q) of the power loop 120,
wherein a first signal input terminal 602 is connected to the
driving device 124a, a second signal input terminal 606 is
connected to the power source 122, and a signal output ter-
minal 604 is connected to the auxiliary filter 1345 to detect
current of the power loop 120, and its current signal may be
transmitted to the processor 144 via the auxiliary detection
circuit 1325b.

Optionally, the single output current-type detector may be
used in the detection circuit 132« located at a detection point
of the induction loop 110, for example first detection point
(A), the second detection point (B) or the third detection point
(C). The first detection point (A), the second detection point
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(B) or the third detection point (C) of the inductive loop 110,
or the first auxiliary detection point (P) and the second aux-
iliary detection point (Q) of the power loop 120 may be
disposed by two single output current-type detectors at the
same point, and subsequently connected to their respective
filters to create different modulation ratios of current for
providing the processor 144 to select preferable current sig-
nal.

FIG. 7 is a schematic view of one example of a wireless
charging system of the FIG. 4A, wherein the detector is a
double output current-type detector. As shown in FIG. 7 and
FIG. 4A, the detector 1364 is a double output current-type
detector located at a detection point of the induction loop 110,
for example first detection point (A), the second detection
point (B) or the third detection point (C), wherein a first signal
input terminal 702 of the detector 1364 is connected to the
capacitor 114, a second signal input terminal 706 is connected
to the driving device 124aq; or the first signal input terminal
702 of the detector 136a is connected to the induction coil
116, a second signal input terminal 706 is connected to the
capacitor 114; and a first signal output terminal 704 and a
second signal output terminal 708 are connected to the filter
134a to detect current of the induction loop 110, and its
differential current signal may be transmitted to the processor
144 via the detection circuit 132a4.

Optionally, the double output current-type detector may be
used in the auxiliary detection circuit 1325 located at the first
auxiliary detection point (P) or the second auxiliary detection
point (Q) of the power loop 120. The first detection point (A),
the second detection point (B) or the third detection point (C)
of'the inductive loop 110, or the first auxiliary detection point
(P) of the power loop 120 may be connected by two double
output current-type detectors at the same point, and subse-
quently connected to their respective filters to create different
amplifications of current for providing the processor 144 to
select preferable current signal.

FIG. 8 is a flow chart of performing of the wireless charg-
ing system with a double detection lines. Please refer to the
FIG. 4B and the FIG. 8, the processor 144 of the wireless
charging system of the invention performs the following
steps. Firstly, in step 802, it starts a process of determining an
induced waveform. Next, in step 804, it simultaneously reads
the induced waveform detected by the detection circuit 132a
and the auxiliary induced waveform detected by the auxiliary
detection circuit 1325. Then, in step 806, it examines to
determine whether the induced waveform is correct or not by
a protocol. If the answer is “yes” in the step 806, then fol-
lowed by step 810, the induced waveform detected by the
detection circuit 1324 is applied and recording (stored) as
“read successful” one, “read failure for the induced wave-
form” zero, “number of error” zero. If the answer is “no” in
the step 806, then followed by step 808, it determines whether
the auxiliary induced waveform is correct or not. If the answer
is “yes” in the step 808, then followed by step 812, the
auxiliary induced waveform detected by the auxiliary detec-
tion circuit 1325 is applied and recording (stored) as “read
successful” one, “read failure for the induced waveform”
zero, “number of error” zero. If the answer is “no” in the step
808, then followed by step 814, it is recording (stored) as
“read successful” zero, “read failure for the induced wave-
form” one, “number of error” plus one. After the steps 810,
812 and 814, the process is terminated in step 816.

FIG. 9 is a flow chart of performing of the wireless charg-
ing system with a double detection lines according to another
embodiment. Please refer to the FIG. 4B and the FIG. 9, the
processor 144 of the wireless charging system of the inven-
tion performs the following steps. Firstly, in step 902, it starts
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a process of determining an induced waveform. Next, in step
904, it simultaneously reads the induced waveform detected
by the detection circuit 1324 and the auxiliary induced wave-
form detected by the auxiliary detection circuit 1325. Then, in
step 906, it examines to determine whether the first channel of
the detection circuit 132a is applied to connect or not. If the
answer is “yes” in the step 906, then followed by step 908, it
determines whether the induced waveform is correct or not. If
the answer is “yes” in the step 908, then followed by step 912,
the induced waveform detected by the detection circuit 132a
is applied and recording (stored) as “read successful” one,
“read failure for the induced waveform” zero, “number of
error” zero. If the answer is “no” in the step 908, then fol-
lowed by step 914, a second channel of the auxiliary detection
circuit 1325 is then applied.

If'the answer is “no” in the step 906, then followed by step
910, it determines whether the auxiliary induced waveform is
correct or not. If the answer is “yes” in the step 910, then
followed by step 918, the auxiliary induced waveform
detected by the auxiliary detection circuit 1325 is applied and
recording (stored) as “read successful” one, “read failure for
the induced waveform” zero, “number of error” zero. If the
answer is “no” in the step 910, then followed by step 916, the
first channel of the detection circuit 132a is then applied.

After changing the channel in the steps 914 and 916, it
proceeds to step 920 recording (storing) as “read successtul”
zero, “read failure for the induced waveform” one, “number
of error” plus one. After the steps 912, 918 and 920, the
process is terminated in step 922.

FIG. 10 is a flow chart of performing of the wireless charg-
ing system with a double detection lines according to yet
another embodiment. Please refer to the FIG. 4B and the FIG.
10, the processor 144 of the wireless charging system of the
invention performs the following steps. Firstly, in step 1002,
it starts a process of determining an induced waveform. Next,
in step 1004, it examines to determine whether the first chan-
nel of the detection circuit 132a is applied to connect or not.
Ifthe answer is “yes” in the step 1004, then followed by step
1005, it reads an induced waveform detected by the detection
circuit 132a. Next, in step 1008, it determines whether the
induced waveform is correct or not. If the answer is “yes” in
the step 1008, then followed by step 1012, the induced wave-
form detected by the detection circuit 132a is applied and
recording (stored) as “read successful” one, “read failure for
the induced waveform” zero, “number of error” zero. If the
answer is “no” in the step 1008, then followed by step 1014,
a second channel of the auxiliary detection circuit 1325 is
then applied.

Ifthe answer is “no” in the step 1004, then followed by step
1006, it reads an auxiliary induced waveform detected by the
auxiliary detection circuit 1325. Next, in step 1010, it deter-
mines whether the auxiliary induced waveform is correct or
not. If the answer is “yes” in the step 1010, then followed by
step 1018, the auxiliary induced waveform detected by the
auxiliary detection circuit 13254 is applied and recording
(stored) as “read successful” one, “read failure for the
induced waveform™ zero, “number of error” zero. If the
answer is “no” in the step 1010, then followed by step 1016,
the first channel of the detection circuit 132a is then applied.

After changing the channel in the steps 1014 and 1016, it
proceeds to step 1020 recording (storing) as “read successtul”
zero, “read failure for the induced waveform” one, “number
of error” plus one. After the steps 1012, 1018 and 1020, the
process is terminated in step 1022.

It will be understood that the above descriptions of embodi-
ments are given by way of example only and that various
modifications may be made by those with ordinary skill in the
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art. The above specification, examples and data provide a
complete description of the structure and use of exemplary
embodiments of the invention. Although various embodi-
ments of the invention have been described above with a
certain degree of particularity, or with reference to one or
more individual embodiments, those with ordinary skill inthe
art could make numerous alterations to the disclosed embodi-
ments without departing from the spirit or scope of this inven-
tion.

What is claimed is:

1. A wireless charging system with double detecting cir-

cuits, comprising:

an inductive loop including an induction coil and a capaci-
tor, wherein said induction coil and said capacitor are
connected in series;

a power loop including a power source and a driving cir-
cuit, wherein said power source is connected to an input
terminal of said driving circuit, two output terminals of
said driving circuit are connected to said capacitor and
said induction coil respectively; and

a control loop including:

a processor;

adetection circuit, coupled to said processor and a detec-
tion point of said inductive loop so that said processor
can detect an induced electric field of said inductive
loop, wherein a first current or a first voltage of said
inductive loop is created by said induced electric field
as an induced waveform over time;

an auxiliary detection circuit, connected to an auxiliary
detection point of said power loop to detect said
induced electric field, wherein a current or a voltage
of said power loop induced by said induced electric
field represents an auxiliary induced waveform over
time, as said induced waveform is not applicable
determined by said processor based on a protocol,
said induced waveform is replaced by said auxiliary
induced waveform;

a control line, coupled to said processor and said power
source so that said processor can control a power
supply of said power source outputted to said induc-
tive loop; and

an auxiliary control line, coupled to said processor and
said power source so that said processor can control a
phase or a frequency of said driving circuit to control
said power supply for said inductive loop;

wherein said processor determines a condition of said elec-
trical receiver device based on said induced electric
field, to adjust said power supply of said power loop
outputted to said inductive loop.

2. The system of claim 1, wherein said processor performs

the following process:

reading simultaneously said induced waveform detected
by said detection circuit and said auxiliary induced
waveform detected by said auxiliary detection circuit;

determining whether said induced waveform is correct or
not by said protocol;

as said induced waveform is correct, selecting said induced
waveform detected by said detection circuit;

as said induced waveform is not correct, determining
whether said auxiliary induced waveform is correct or
not; and

as said auxiliary induced waveform is correct, selecting
said auxiliary induced waveform detected by said aux-
iliary detection circuit.

3. The system of claim 1, wherein said processor performs

the following process:
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reading simultaneously said induced waveform detected
by said detection circuit and said auxiliary induced
waveform detected by said auxiliary detection circuit;

determining whether a first channel of said detection cir-
cuit is applied to connect;

as said first channel of said detection circuit is applied to

connect, determining whether said induced waveform is
correct or not, if correct, then said induced waveform
detected by the detection circuit is applied, if not correct,
then a second channel of said auxiliary detection circuit
is applied to connect; and

as a second channel of said auxiliary detection circuit is

applied to connect, determining whether said auxiliary
induced waveform is correct or not, if correct, then said
auxiliary induced waveform is applied, if not correct,
then said first channel of said detection circuit is applied
to connect.

4. The system of claim 1, wherein said processor performs
the following process:

determining whether a first channel of said detection cir-

cuit is applied to connect;

as said first channel of said detection circuit is applied to

connect, reading said induced waveform detected by
said detection circuit and determining whether said
induced waveform is correct or not, if correct, then said
induced waveform detected by the detection circuit is
applied, if not correct, then a second channel of said
auxiliary detection circuit is applied to connect; and

as a second channel of said auxiliary detection circuit is

applied to connect, determining whether said auxiliary
induced waveform is correct or not, if correct, then said
auxiliary induced waveform is applied, if not correct,
then said first channel of said detection circuit is applied
to connect.

5. The system of claim 1, wherein said condition includes
avariation of said induced electric field due to approaching of
said electric receiver device.

6. The system of claim 1, wherein said condition includes
a variation of said induced electric field due to a power dis-
sipation of said electric receiver device.

7. The system of claim 1, wherein said detection point is
located between said driving circuit and said capacitor.

8. The system of claim 1, wherein said detection point is
located between said driving circuit and said induction coil.
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9. The system of claim 1, wherein said detection point is
located between said capacitor and said induction coil.

10. The system of claim 1, wherein said auxiliary detection
point locates on a non-ground circuit between said power
source and said driving circuit.

11. The system of claim 1, wherein said auxiliary detection
point locates on a ground circuit between said power source
and said driving circuit.

12. The system of claim 1, wherein said driving circuit is a
full-bridge driving circuit.

13. The system of claim 1, wherein said driving circuit is a
half-bridge driving circuit.

14. The system of claim 1, wherein said detection circuit
includes a filter, wherein an input terminal of said filter is
connected to said inductive loop, and an output terminal of
said filter is connected to said processor.

15. The system of claim 14, wherein said auxiliary detec-
tion circuit includes an auxiliary filter, wherein an input ter-
minal of said auxiliary filter is connected to said power loop,
and an output terminal of said auxiliary filter is connected to
said processor.

16. The system of claim 15, further comprising two detec-
tion lines, and each of said two detection lines is connected to
an identical detection point, and wherein said filter or said
auxiliary filter has a different modulation ratio to provide said
induced waveform with different modulation ratio to said
processor.

17. The system of claim 15, further comprising two auxil-
iary detection lines, and each of said two auxiliary detection
lines is connected to an identical auxiliary detection point,
and wherein said filter or said auxiliary filter has a different
modulation ratio to provide said auxiliary induced waveform
with different modulation ratio to said processor.

18. The system of claim 1, wherein said detection circuit
includes a current-type detector in said inductive loop,
wherein said detection circuit, said induction coil and said
capacitor are connected in series.

19. The system of claim 18, wherein said auxiliary detec-
tion circuit includes an auxiliary current-type detector in said
inductive loop to connect to said driving circuit and said
power loop.

20. The system of claim 19, wherein driving circuit is a
full-bridge driving circuit or a half-bridge driving circuit.
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